Abstract: Gastric cancer (GC) is one of the most common upper gastrointestinal malignancies. Surgical resection remains the mainstay of curative treatment for GC. Enteral immunonutrition (EIN) has been increasingly used to enhance host immunity and relieve inflammatory response of patients undergoing surgery for GC; however, conclusions across studies still remain unclear. We aimed to evaluate the effects of EIN for such patients.
INTRODUCTION
G astric cancer (GC) is one of the most common upper gastrointestinal malignant tumors. It negatively affects the patient's health and quality of life and seriously increases the financial burden to the family and the whole society. 1 Surgical resection is still the mainstay of curative treatment although effective alternatives has been developed. 2 It is noted that, however, patients undergoing surgery for GC will suffer from various serious postoperative complications, such as malnutrition and immune function suppression. Importantly, these given postoperative complications are well known factors capable of impairing the immunological functions [3] [4] [5] and causing vicious circle eventually because of the catabolism and changes in the metabolic, endocrine, neuroendocrine, as well as immune function suppression resulted from stress effect caused by surgery, absolute diet, and infection. [2] [3] [4] Proper nutrition regimes have been an important issue for clinicians to facilitate recovery of the patients undergoing the gastrectomy. 6 Studies previously published suggested that enteral nutrition (EN) support is more economical and effective and have lower complications than parenteral nutrition (PN). [7] [8] [9] [10] However, standard EN product has insufficient essential immune Editor: Sanket Patel.strengthening ingredients which effectively improve the immune function of GC patients after gastrectomy. 10 In contrast, enteral immunonutrition (EIN), a immune product which enriched with arginine (Arg), glutamine (Gln), omega-3 fatty acids (a-3-FAs), and ribonucleic acid (RNA), just remedy those weakness existed in standard EN product. Gln and Arg are conditionally essential amino acid (AA). Secretion of various hormones (eg, growth hormone, glucagon, and insulin) which can profoundly modulate the immune response will be initiated under the stimulation of Arg. 11 Polyamines and nucleic acids which are all essential substances guarantee that cell successfully finish the process of proliferation and differentiation. 12 In addition, Arg is also associated with increase of lymphocyte mitogenic, allogenic responses, and cytotoxicity of natural killer cell. 13 Gln is a precursor for synthesis of nucleotide and glutathione, and what's more is that the glutathione is at the heart of antioxidative defense. 14 The structural and functional integrity of the cell membrane, intercellular signal transduction, and eicosanoids synthesis is the basis on which fatty acids modulate the immune response. 15 The flexibility of membrane that is essential for phagocytosis and expression of IL-2 receptors will be enhanced if other fatty acids were replaced by a-3-FAs. 16 Hence, the investigators increasingly have shifted their attention away from standard EN, and are now focused on EIN. 13, 17, 18 Although a wealth of studies have been completed in order to determine the effects on EIN compared to standard EN in GC patients who underwent the gastrectomy; however, whether the EIN is effective for improving the immunologic and clinical status compared with standard EN remains uncertainty. 2, 14, [21] [22] [23] [24] [25] Therefore, we performed this systematic review and meta-analysis of randomized controlled trials (RCTs) to systematically evaluate the impact of EIN on clinical and immunological outcomes of patients requiring selective surgery for GC.
MATERIALS AND METHODS
We planned and performed this systematic review and meta-analysis in accordance with Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) statement 26 and Cochrane Handbook for Systematic Reviews of Intervention. 27 The prospective protocol of this study has registered on PROSPERO database (available at: http:// www.crd.york.ac.uk/prospero/) and a registration number has been approved (CRD42015017893). We critically assessed the reporting quality of the study according to the PRISMA 2009 checklists (Supplemental Table 1 http://links.lww.com/MD/ A360). 26 This study did not require the ethic approval and informed consent due to all analyses were carried out based on the data extracted from previous published trials.
Citations Capture
We searched target electronic databases which included PubMed, EBSCO-Medline, Cochrane Central Register of Controlled Trials (CENTRAL), and EMBASE to identify all latent randomized controlled trials (RCTs) which investigated effects of EIN relative to standard EN for GC patients who were submitted to gastrectomy until the end of December 30, 2014. The computerized search procedure was conducted by using following search terms based on the strategy of combination medical subject heading (MeSH) and free text:
''Immune Enhanced Enteral Nutrition,'' ''Randomized Controlled Trial,'' ''Randomized Controlled Trials as Topic,'' ''RandomÃ.'' Lists of references of eligible studies and topicrelated reviews were also manually searched to guarantee the precision and recall ratio. Only article published in English-or Chinese language met the inclusion criteria. The PubMed and EBSCO-Medline search terms and string were presented in Appendixes 1 and 2, respectively.
Entry Criteria
We defined following eligibility criteria according to the PCIOS acronym (population, intervention, comparison, outcome, and study design): Population (P): All the patients diagnosed with GC with histological techniques scheduled for gastrectomy were included in the systematic review and meta-analysis. 
], IL-6, tumor necrosis factor-alpha [TNF-a]), and natural killer cell (NK cell); and biochemical indices (refers to total protein, albumin, peoalbumin, transferrin). Study design (S): only RCTs were included into our study.
The references will be excluded if it met following one of the items: patients have unresectable neoplasm, underlying cardiovascular pathology, previous abdominal radiotherapy, active preoperative infection, administration of corticosteroids or immunosuppressive agents, and renal or hepatic function impairment; experimental data; lack of essential information and cannot acquire primary data from authors; we only incorporate one with the most strict methodology and most complete data of articles, in which the same data were reported by 1 author or a medical center, into our study; nonoriginal research, such as review, letter and specialist comments and non-RCTs.
Data Extraction
The following basic information and essential continuous and dichotomous data for specific outcome were extracted independently from each original eligible study by 2 authors (Guo-Min Song and Xu Tian) by using the predesigned data extraction table (Supplemental Table 2 http://links.lww.com/ MD/A360): study ID (including surname of the first author and publication year), country, diagnosis, age of participants, sample size, nutrition status, study setting and interventions, and reporting outcome measures of interest. The author would be contacted to acquire the complete data when necessary. Any divergences between authors concerning the eligibility of a study were resolved by consensus or consulting a third author (Hui Liang or Li-Juan Yi).
Assessment of Risk of Bias
We assigned independent 2 investigators (Ting Shuai and Zi Zeng) to critically assess the risk of bias of all eligible studies according to the Cochrane Collaboration's tool for assessing the risk of bias. 27 The following evaluation domains were assessed accordingly: randomization sequence generation, allocation concealment, blinding of participants and study personnel, blinding of outcome assessors, incomplete outcome data, selective reporting and other biases. 27 The risk of each domain was rated as ''high risk,'' ''unclear risk,'' or ''low risk'' according to the match level between information extracted and evaluation criteria. 27 
Statistical Analysis
All analyses were conducted by using Review Manager (RevMan) 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2013). We calculated the relative risk (RR) with corresponding 95 % confidence interval (CI) to estimate the dichotomous outcomes. For continuous data, the pooled results were expressed as the mean difference (MD) or standard mean difference (SMD) with 95% CI. The end-point value was extracted to calculate the effect size. 27 We evaluated the heterogeneity across studies of each outcome measure by using the Chi-square test and associated with P-value, Moreover, substantial level of heterogeneity was estimated by I 2 statistic proposed by Higgins et al. If I 2 was <50%, the eligible studies were thought to be heterogeneity; in contrast, if I 2 was !50%, the pooled results will be affected by heterogeneity. We performed each meta-analysis via selected a random-effects model or fixed-effects model based on Mantel-Haenszel (MH) or inverse variance (IV) statistical approach. Assessment of the clinical characteristic and methodology of eligible studies pooled is the premise to determine the selection stated above. A qualitative analysis will be used to describe the studies, in which data are incomplete; heterogeneity can affect the pooled results or lack of a number of studies to pool. We did not produce the funnel plot to test the publication bias due to the limited number (below 10) of studies included in each analysis. 28 Separate sensitive analyses were also conducted with subgroup analysis through changed inclusion criteria to assess the robustness of summarized effect sizes.
RESULTS

Study Selection and Trial Characteristics
We used the PRISMA 2009 flow diagram (see Supplemental  Table 3 http://links.lww.com/MD/A360) to guide the process of study selection. A total of 82 citations were captured at the initial searched stage. Forty-two citations were duplicated by using EndNote 7.2.1 literature manager software. Twenty-four studies were excluded according to following reasons when the investigators independently reviewed the title and abstract of remained latent citations: 4 studies were performed based on ineligible intervention regimes which included PN alone group versus standard EN alone group versus (Bazhen Decoction þ standard EN) group (3 groups were established) and (rhubarb þ Sijunzi decoction þ standard EN group vs. standard EN alone group (2 research groups), and (Sijunzi decoction þ standard EN) group versus standard EN alone group (2 study groups); 1 study was published in Turkish; 16 studies enrolled ineligible participants who included patients undergoing chemotherapy, patients with esophageal cancer, and patients with various cancers; and 3 irrelevant studies. Eventually, 9 eligible studies 2,14,19-25 met our inclusion criteria and 7 studies were excluded due to following reasons: ineligible interventions (n ¼ 4) which included standard EN alone group versus (HIIC þ standard EN) group versus (HIIC þ PN) group (3 groups were divided) and standard EN alone versus conventional postoperative care (2 groups were identified); ineligible participants (n ¼ 1) which included patients with various cancers such as esophageal cancer and pancreatic carcinoma, etc.; ineligible intervention regimes (n ¼ 2) refer to perioperative versus postoperative immunonutrition and preoperative EN versus postoperative EN (2 research group); lack of essential data (n ¼ 1). A flow chart of literature retrieval and selection is shown in Figure 1 . The basic characteristics of each eligible study included in the systematic review and metaanalysis are summarized in Table 1 .
Assessing Risk of Bias
We identified 9 eligible RCTs 2,14,19 -25 and of all incorporated into the study to estimate corresponding pooled effect size. Six studies 2, 14, 19, [22] [23] [24] reported the methods which generated the randomization sequence, three 2, 19, 24 of all studies appropriately performed the allocation concealment and blinding of personnel and personnel, only one 23 masked the outcome assessor, 3 studies 2, 14, 19 reported the drop-out before conducting the EIN and remained reported the expected outcome measures of interest; therefore, corresponding domain was graded as ''low risk,'' of all reported the expected outcome measures of interest, and no other bias sources were detected. The assessment of risk of bias outcome of each study is summarized in Figure 2A and B.
Meta-Analysis on Clinical Outcomes
Depending on the difference in reporting on the index, we performed 2 independent meta-analyses for postoperative infectious complications which included SSI and other infectious complications (refer to respiratory infection, urinary tract infection, abdominal sepsis, etc.). Five studies 2, 19, 20, 23, 25 which included 671 participants reported the SSI indicator, and all were pooled to examine the effect of EIN for patients scheduled for gastrectomy. All were considered to be homogeneity (x 2 ¼ 3.10, P ¼ 0.54, I 2 ¼ 0%); therefore, a fixed-effect model was selected to calculate the effect size. The pooled results revealed that there was no significant difference in terms of SSI between groups (RR, 1.04; 95% CI, 0.75-1.44; P ¼ 0.82) (see Supplemental Figure 1a http://links.lww.com/MD/A360). Other infectious complications were presented in 4 studies 2, 19, 23, 25 which included 232 and 220 patients between groups, respectively. No obvious statistical heterogeneity were identified (x 2 ¼ 4.26, P ¼ 0.23, I 2 ¼ 30%); therefore, we adopted a fixed-effects model to estimate the effect size. The metaanalysis indicated no significant difference between groups in terms of the given index (RR, 0.79; 95% CI, 0.54-1.16; P ¼ 0.23) (see Supplemental Figure 1a http://links.lww.com/ MD/A360).
The data of length of hospitalization were reported in 2 studies 2,19 which enrolled 291 participants. We estimated the associated mean and standard deviation according to the median and range by using the equation proposed by Hozo et al. 29 There was statistical heterogeneity (x 2 ¼ 2.64, P ¼ 0.10, I 2 ¼ 62%) though no significant differences in clinical and methodology were identified; so a random-effect model was used. The estimated effect size indicated no significant difference between groups (MD, À0.88; 95% CI, À3.73 to 1.96; P ¼ 0.54) (see Supplemental Figure 1b http://links.lww.com/MD/A360).
Meta-Analysis on Immune Indices
Data of CD4 þ can be extracted from 6 studies, 14,21 -25 and corresponding effect size was expressed as SMD with 95% CI due to different units were used across studies. However, one 25 performed by Marano et al was not included to calculate estimate of interest due to significant variance in magnitude and unit; hence a descriptive analysis was selected to present corresponding value. Eventually, 5 eligible studies were incorporated into the given synthesis. These studies were deemed to be homogeneity (x 2 ¼ 3.92, P ¼ 0.42, I 2 ¼ 0%) and a random-effect model was selected to calculate the result. The meta-analysis indicated a significant difference between groups (SMD, 0.81; 95% CI, 0.53-1.09; P ¼ 0.00) (see Figure 3A) . Moreover, the same studies 14,21 -25 reported the CD8 þ and statistical heterogeneity was identified (x 2 ¼ 17.72, P ¼ 0.00, I
2 ¼ 77%); therefore, a random-effect model was used and result indicated no significant difference between groups in terms of CD8 þ (SMD, 0.07; 95% CI, À0.50 to 0.64; P ¼ 0.81) (see Figure 3B) . Two studies 22, 24 reported the CD3 þ , and they were deemed to be homogeneity. The meta-analysis indicated a significant difference between (SMD, 0.68; 95% CI, 0.21-1.15; P ¼ 0.00) (see Figure 3C ). Three studies 14, 22, 24 presented the information of CD4 þ
/CD8
þ ratio and all were deemed to be heterogeneity (x 2 ¼ 24.42, P ¼ 0.00, I 2 ¼ 88%), so we used random-effect model to pool them. The metaanalysis suggested that EIN effectively increased the level of CD4 þ /CD8 þ ratio (MD, 0.56; 95% CI, 0.12-1.01; P ¼ 0.01) (see Figure 3D) . Three studies which included 114 patients, 14 2 ¼ 73%) have statistical heterogeneity; therefore, we adopted a random-effect model to perform all analyses. The meta-analyses revealed that EIN effectively increased the level of IgA (SMD, 0.31; 95% CI, 0.12-0.51; P ¼ 0.00), IgG (SMD, 1.50; 95% CI, 0.73-2.28; P ¼ 0.00), and IgM (SMD, 0.22; 95% CI, 0.06-0.39; P ¼ 0.00) (see Figure 4A-C) .
Two studies 14, 22 reported the interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a), and they were deemed to be homogeneity in terms of IL-6 (x 2 ¼ 0.39, P ¼ 0.53, I 2 ¼ 0%) and TNF-a (x 2 ¼ 0.33, P ¼ 0.57, I 2 ¼ 0%); and then we used a fixed-effect model to carried out meta-analyses. The pooled results revealed that the level of IL-6 (MD, À0.71; 95% CI, À1.15 to À0.26; P ¼ 0.00) and TNF-a (MD, À1.14; 95% CI, À1.61 to À0.66; P ¼ 0.00) significantly decreased in EIN group (see Figure 5A and B). Lack of essenƟal data (n = 1)
Studies included in qualitaƟve synthesis (n = 9)
Studies included in quanƟtaƟve synthesis (meta-analysis) (n = 9) FIGURE 1. Flowchart of computerized searched and included eligible studies into this systematic review and meta-analysis. 
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þ Data of counts of NK cell were extracted from 2 studies, 21 ,23 which included 49 and 45 patients between groups, respectively. They were deemed to be homogeneity (x 2 ¼ 0.02, P ¼ 0.90, I
2 ¼ 0%); and thus a fixed-effect model was used to perform the meta-analysis. The pooled result suggested that the count of the NK cell in EIN group were superior to that of standard EN group (MD, 2.35; 95% CI, 0.66-4.05; P ¼ 0.00) (see Figure 6 ).
Meta-Analysis on Biochemical Indices
The data of serum total protein, albumin, proalbumin, and transferrin were extracted from 5 studies which included 289 patients, 14 The meta-analysis on proalbumin and transferrin indicated statistical heterogeneity; so a random-effect model was adopted to conduct these metaanalyses. The summarized results indicated no significant differences between groups in terms of all serum indexes (see Supplemental Figure 2a 
Sensitive Analysis
Sensitive analysis is a statistical method which was adopted to test the reliability of pooled result through omitting study with low-quality, changing effect size, inclusion criteria, or analysis model. To assess the robustness of summarized results in our study, we conducted also separate sensitive analyses based on various inclusion criteria. These estimated effect sizes are summarized in Table 2 .
Descriptive Analysis
Only 1 study 14 reported the IL-2, and thus we did not perform a meta-analysis. The study indicated that EIN increased the level of IL-2, with significant statistical difference compared with standard EN (P < 0.01). Two studies 19, 25 reported the lymphocytes. However, the results are inconsistent and one 15 indicated that EIN significantly increased the counts of lymphocyte, in contrast, another 24 suggested no significant difference between group. One study 24 reported the leukocytes and indicated that corresponding counts in EIN group is higher than that of standard EN. One study 14 investigated the C-response protein (CRP) and indicated no significant difference between group (P ¼ 0.11). Most importantly, one 24 which was excluded from synthesis analysis on CD4 þ and CD8 þ suggested that the level of CD4 þ and CD8 þ in EIN group was lower than that of standard EN group. The result was different from the pooled result.
DISCUSSION
Despite its incidence have decreased substantially over the past few decades, GC is currently one of the major health problem worldwide and the fifth most common type of cancer. 30 Issued data indicated that 989 thousands new cases and 738 thousands cancer deaths caused by GC occurred annually worldwide. 31 Most patients with GC are subjected to poor prognosis and published data have illustrated that corresponding 5-year overall survival rates (OS) is approximately 20%. 32 The gastrectomy remains the primary cure. 33 However, surgical resection is a potential contributor to further impair the host immune defense function and altered inflammatory responses in GC patients who have underlying malnutrition and immune function suppression. 10, 34 
recent decades, 35 and evidence suggest that the EN is superior to PN route in terms of effect for reducing the incidence of postoperative complications. 36 However, the EIN product has been gaining increasing attention for the purpose to improve the status of nutrition and immune function of patients underwent surgery for GC. 37 To our knowledge, this is the first systematic review and meta-analysis to evaluate the clinical and immunological impact of EIN in GC patients undergoing surgery. The findings of our meta-analysis suggested that EIN effectively increased the level of IgA, IgG, IgM, CD4
þ ratio, and the count of NK cell. A wealth of cells such as NK cells, lymphocytes, and macrophage will be involved into modulating its immune function due to complexity of immune system in gastrointestinal tract. Because of EIN significantly improved the levels of CD3 þ , CD4 þ and CD4 þ /CD8 þ , so bacterial translocation (BT) which was closely association with reduction of adenosine triphosphate was suppressed, and eventually, the intestinal immune barrier and resistance of microbe were enhanced. The pooled results also indicated that the EIN is a contributor to enhance the humoral and cellular immune function 14 due to the concentrations of associated immunoglobulin were significantly increased and may be an alternative for enhancing the host immunity and relieving the inflammatory response. For cytokines, EIN significantly decreased the concentration of IL-6 and TNF-a and one 14 indicated that the degree of IL-2 in EIN group is higher than that of conventional EN group. IL-2 is an essential substance to modulate cellular immune response and is associated with proliferation and differentiation of T cell and eventually enhanced the humoral immune function. 16 IL-6, belongs to inflammatory mediator, is a core substance which relieve the stress response. TNF-a which is an inflammatory cytokine mainly originated from immune cell (eg, T cell), endotheliocyte, macrophage, etc. It can effectively modulate the immune function and resist infection. 38 Achieved these profound results was reasonable due to the basic components which included Arg, Gln, v-3 fatty acids, and RNA play an important role in modulating the secretion of various hormones, cytokines, and so on. However, EIN did not decrease the incidence of postoperative complications, shorten the length of hospitalization, and improve the level of serum indexes (including total protein, albumin, proalbumin, transferring), and CD8
þ . For lymphocytes, the results remain inconsistent. The pooled results are contrary to that of meta-analysis which analyzed the effects of all Chinese RCTs. 39 Nutrition status is the essential to promote the healing process of surgical site and enhance the disease resistance. Our study proved that EIN cannot effectively promote protein synthesis, and thus it cannot also improve the nutrition status of GC patients who underwent gastrectomy compared to standard EN. So the postoperative complications and length of hospitalization will not be improved. The pooled results of postoperative complications and length of hospitalization further confirmed the relation.
Due to various compositions of EIN regimes and timing of administration were designed across studies, we conducted separate sensitive analyses with subgroup analysis through changing inclusion criteria to further assess the effects of EIN versus standard EN. Although various pooled results were generated from different sensitive analyses with subgroup analysis, the insufficient required sample size and small number of eligible studies impaired the power of most of summarized estimate effect sizes. In addition, heterogeneous existed in these eligible studies and it may impair the power of our study.
Consequently, well-designed and large-scale RCTs are urgently warranted to further establish associated effects.
Our systematic review and meta-analysis included more RCTs via extensive literature retrieval. Meanwhile, the statistical power and precision ratio were increased by enlarged the sample size based on this study, and thus more accurate estimates of effects were generated. However, there are several limitations of our study that need to be acknowledged. Firstly, and perhaps most notably, the power of all meta-analyses which were performed based on the end-point value were impaired due to the durations of interventions are different across studies. Secondly, only a small number of studies which included large sample size met inclusion criteria of the study, and thus reduced the power of these pooled results. Thirdly, these studies in other language except for English and Chinese language were ineligible for our criteria, so it is possible that additional relevant studies may have not been identified if the search had been 
/CD8
þ ratio when EIN relative to standard EN: random-effect model.
extended to literature in other languages. A search of 4 electronic databases including PubMed, EMBASE, CENTRAL, and EBSCO was performed; however, ISI Web of Science, SpringerLink, ScienceDirect, and China Biomedical Literature Database (CBM) were not been included, so the risk of incompletely retrieved information also impaired the power of the meta-analysis. All trials incorporated into the meta-analysis were deemed to be homogeneity in clinical and methodological aspects; however, significant statistical heterogeneity which impaired the power of all meta-analysis was detected for meta-analyses in terms of certain outcome measures. In addition, the test on publication bias for studies was not conducted due to the small number of eligible studies, and it may have a negative effect on the pooled results of current metaanalysis. Finally, the unpublished and missing data might lead bias to the pooled effect. More importantly, some descriptive analysis presented associated results which were different from estimates of effects generated from our synthesis analysis.
CONCLUSIONS
EIN is effective for improving the nutritional and immunological status of GC patients undergoing gastrectomy because it can effectively enhance the host immunity and relieve the inflammatory response through significantly increasing the level of IgG, relevant T cell subsets and NK cell, and obviously decreasing the concentration of cytokines such as IL-6 and TNF-a. However, more well-designed and large-scale RCTs are urgently warranted to further establish the effects because of insufficient evidences in present study and the differences in incidence postoperative complications, length of hospitalization, level of biochemical indices (refer to total protein, albumin, proalbumin, transferring), and CD8 þ compared with standard EN were not identified. One point should be noted is that various compositions and timing of administration of EIN regime were included in individual studies. We conducted separate sensitive analyses with subgroup analysis to reassess the estimated effects of EIN relative to standard EN, but not enough sample size and number of eligible studies impaired these pooled results generated from different subgroups. Consequently, more RCTs concerning comparative effects of EIN regime with similar compositions and timing of administration compared to standard EN were needed. Moreover, it is necessary to develop more RCTs with high-quality to verify the comparative effects of preoperative with postoperative EIN in the treatment of GC patients undergoing gastrectomy. 
